Furthermore, patients with reduced post-operative pain have better pulmonary function tests. [4] The classic method of using opioids to control pain during and after surgery [5] is associated with a number of dose-related side effects (respiratory depression as the most important), which can be reduced with the co-administration of non-opioid analgesics to lower the opioid dosage. [6] According to recent findings, aspirin and acetaminophen (paracetamol) are among the non-steroidal anti-inflammatory drugs (NSAIDs) that are probably more effective (either alone or in combination with opioids) than were previously considered. [7, 8] Gabapentin is another compound recently used in pain management studies. [9] It is a structural analogue of γ-aminobutyric acid which acts through central and peripheral mechanisms. [1] Gabapentin has been used orally in many studies to reduce post-operative pain. [10] [11] [12] [13] [14] [15] Hassani et al. [12] found that paracetamol 30 mg/kg intravenous (IV) before the induction of anaesthesia could reduce the opioid doses for pain control, both during and after upper limb surgeries. [12] Moreover, Montazeri et al. showed that receiving 300 mg gabapentin had a lower visual analogue scale (VAS) score and less analgesic requirements after lower extremity orthopaedic surgery than those in the placebo group. [14] Another study evaluated the efficacy of oral gabapentin premedication in preventing post-operative pain after thoracotomy and showed that administration of a single dose of 600 mg oral gabapentin before thoracotomy can significantly reduce post-operative pain scores during the recovery time. [13] Finally, in comparing the efficacy of oral gabapentin versus paracetamol in controlling pain after adenotonsillectomy in children, Amin and Amr found that post-operative pain scores in the gabapentin group are significantly lower than those in the paracetamol group. [11] In orthopaedic surgeries, post-operative analgesia helps in early patient mobilisation and this in turn helps reduce deep vein thrombosis and pulmonary embolism episodes. Considering above, this study was aimed to compare the effects of gabapentin versus IV paracetamol for post-operative analgesia after tibial fracture surgery, which has not been examined so far.
MAteriALs AnD MethoDs
This study was designed as a randomised double-blind, controlled clinical trial, in which 96 patients undergoing tibial fracture surgery under general anaesthesia were randomly allocated into three groups (gabapentin, paracetamol and placebo) with 32 patients in each group, using block model. The study population consisted of patients scheduled for tibial fracture surgery, which was performed in Valiasr Hospital affiliated to Arak University of Medical Sciences. Inclusion criteria were age of 15-60 years, body mass index between 20 and 35, American Society of Anesthesiologists Class I and II, fractures only in the leg area and filling and signing the written consent form. Non-inclusion criteria were the underlying diseases that affect consciousness (psychosis, Alzheimer's disease, epilepsy and cognitive disorders), addiction to alcohol, narcotics and psychiatric drugs, use of NSAIDs, a history of allergy, pregnancy, hepatic and renal disorders, gastritis, peptic ulcer and diabetes. After selection of the patients, the demographic information of each participant was recorded in the data collection form. Then, patients were randomly assigned to three groups according to the blocking model. Half an hour before surgery, a 300 mg capsule was administered with 100 ml of water to patients in the gabapentin group. In the paracetamol group, 1000 mg paracetamol was infused IV at the same time in 100 ml of normal saline.
With regard to blindness of the study, a placebo capsule was orally administered to the patients half an hour before surgery in the paracetamol and placebo groups. Furthermore, 100 ml of normal saline was infused in the gabapentin and placebo groups. Surgery was performed under general anaesthesia with a standardised anaesthesia drug regimen in all three groups.
After administration of 0.4 mg/kg midazolam and 2.5 µg/ kg fentanyl as premedication, patients were oxygenated for 3 min with 100% oxygen. Then, all of them received 2 mg/ kg propofol and 0.5 mg/kg atracurium for induction of anaesthesia. A laryngeal mask airway of appropriate size (3 or 4) was used for airway control. All patients were mechanically ventilated and an O 2 /N 2 O mixture of 50/50 was used along with a propofol infusion of 40-80 µg/kg/min for the maintenance of anaesthesia. The monitoring protocol contained pulse oximetry, electrocardiogram and non-invasive blood pressure.
Patients requiring additional opioids during surgery and those experiencing more than 1.5 h of surgery were excluded from the study. After the end of surgery, the pain intensity was measured at 2, 4 and 6 h post-operatively using the VAS ruler and was recorded in a separate data collection form, together with all possible side effects such as hypotension, headache, nausea and double vision.
Fifty milligrammes meperidine (as rescue medication) was administered intramuscularly if a patient complained of intolerable pain. In these cases, pain severity measurement was not performed thereafter, but the total dose of the opioid used during the first post-operative 6 h was recorded and analysed. All data were analysed using the statistical software SPSS (Chicago, IL, USA).
resuLts
The Chi-square test and one-way ANOVA were used to assess the homogeneity of the groups in terms of age, gender and mean pre-anaesthesia systolic and diastolic blood pressures. There was no statistically significant difference between the three groups in this regard (P > 0.05).
One-way ANOVA showed a statistically significant difference between the groups in terms of pain intensity at 2, 4 and 6 h after surgery, with P = 0.004, 0.001 and 0.001, respectively [ Table 1 ]. Table 2 shows a comparison between the two case groups (gabapentin and paracetamol) in terms of pain intensity at 2, 4 and 6 h after surgery using the t-test for independent groups. There was no statistically significant difference between the two groups in this regard (P > 0.05).
One-way ANOVA showed [ Table 3 ] no statistically significant difference between the three groups in terms of mean consumption of meperidine. However, in comparison with the other two groups, the placebo group included a greater number of patients requiring analgesics and this difference was statistically significant (P = 0.049). Meperidine was used for 50%, 43.7% and 71.9% of the patients in the gabapentin, paracetamol and placebo groups, respectively (P = 0.049). Moreover, no serious side effects have been reported in the cases. Mild side effects (such as headache and nausea) were reported in a limited number of patients. Chart 1 compares the pain intensity of the three groups, at different times post-operatively.
Discussion
Our study revealed that gabapentin premedication was as effective as paracetamol in producing analgesia after tibial fracture surgery. Pain scores in both gabapentin and paracetamol groups were significantly lower at 2 nd , 4 th and 6 th post-operative hours, compared to placebo. There was no statistically significant difference between gabapentin and paracetamol regarding to pain reduction and consumption of meperidine.
The statistical test of one-way ANOVA showed no significant differences between the three groups in terms of mean consumption of meperidine. All three groups were similar in this regard. However, in the placebo group, a greater proportion of patients required rescue opioid injection, indicating a statistically significant difference.
The effects of IV paracetamol at different doses on opioid sparing during and after upper limb surgery were examined in a study by Hassani et al. [12] They found that paracetamol with a dose of 30 mg/kg (and not 15 mg/kg) could reduce the dose of opioids needed for pain control during and after upper limb surgery. [12] This is consistent with our study, in which paracetamol (with a dose of 14-20 mg/kg) could not reduce the dose of post-operative opioids.
The study performed by Pandey et al. (2004) on the pre-emptive use of gabapentin in reducing post-operative pain and rescue analgesic requirements in laparoscopic cholecystectomy showed that in the group receiving 300 mg gabapentin, pain scores were significantly lower than those in the tramadol or placebo group. [15] In a study on the efficacy of preoperative gabapentin in reducing pain and nausea after laparoscopic cholecystectomy, Alamshahi et al. concluded that gabapentin can be effective in reducing pain and nausea after that type of surgery. [16] Montazeri et al. also found that patients receiving 300 mg gabapentin had lower pain scores than those receiving placebo, [14] but the gabapentin group required lower doses of opioids than the placebo group. This latter finding was inconsistent with our study. In a study measuring the efficacy of oral gabapentin as premedication to prevent post-operative pain, Imani et al. concluded that a single dose of 600 mg oral gabapentin before thoracotomy can significantly reduce post-operative pain during the recovery stay and the first post-operative hour. In addition, the total amount of morphine administration during the first post-operative 24 h was reduced. [13] In our study, there was no difference between gabapentin and placebo in terms of the need for opioids. This difference in narcotic requirements may be attributed to the higher doses of gabapentin used in Imani's study.
In a study to compare the efficacy of oral gabapentin versus paracetamol in pain control after adenotonsillectomy in children, Amin et al. found that post-operative pain in the gabapentin group was significantly lower than the paracetamol group. [11] This was inconsistent with our study, where no differences were observed between gabapentin and paracetamol in post-operative analgesia. The study performed by Chandrasekharan et al. [8] on the pre-emptive use of gabapentin to reduce post-operative pain and rescue analgesic requirements in laparoscopic cholecystectomy showed that in the group receiving 300 mg gabapentin, pain scores were significantly lower than those in the tramadol or placebo group, which was consistent with our study. [8, 17] In a study on the efficacy of 300 mg preoperative oral gabapentin in reducing pain and nausea after laparoscopic cholecystectomy, Alamshahi et al. found that gabapentin, compared to placebo, was effective in reducing post-operative pain, [16] which was consistent with our study. They also reported a reduction in the need for post-operative analgesics in the gabapentin group, which was inconsistent with our study.
concLusion
Based on the results of this study, gabapentin and paracetamol can be recommended for pain reduction after tibial fracture surgery. However, the similar results of the two drugs on the post-operative analgesic requirements mandate further studies with more samples to determine any possible differences in this regard.
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